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COMPLETE SPECIFICATION 
Modified Starch and method of preparation 

We, A. E. Staley /Manufacturing Co., a starch 
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State of Delaware, United States of America 
of Decatur, Illinois, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
die mediod by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 

This invention relates to a method of pro- 
ducing a chemically-modified granular starch 
and to the products of that method. In 
particular, the invention concerns an acryl- 
amide reaction product of granular starch. 

Starch had been used in paper making as 
sizing, as a filler retention aid and for other 
purposes. However, in recent years, starch has 
in many instances been displaced by synthetic 
polymers, e.g., polyacrylamidc, even though 
the starch is substantially less expensive. The 
problems in using starch for this purpose are 
discussed in Kerr CJiemistiy and Industry of 
Starch, Chapter 18, Academic Press (1950). 
However, polyacrylamide is substantially more 
expensive based on unit cost and special equip- 
ment is required to disperse it in water and to 
supply it to the paper-making process. 
Furthermore, large volumes of water are re- 
quired because of the high viscosity of the 
polymers available. The viscosity problem is 
particularly acute in certain operations in paper 
making where a material is required that has 
both low-viscosity and good adhesive strength. 
Typical of the problem areas in paper making 
are the size press operation, the size press 
coating operation, the application of the coat- 
ing-adhesive formulation and those operations 
where the retention of filler from re-used 
" broke " or scrap is difficult. 

It is an object of this invention to prepare 
a new granular starch derivative. 

Another object is to provide a granular 
starch derivative capable of improved filler 
retention in paper manufacture. 

Another object is to improve the water- 
retention properties of pasted granular starch 
_by a simple, Jnexuensiye^jnodirication of die 



Other objects will be, in part, apparent and, 
ui part, pointed out hereinafter. 50 

Described briefly, the method of this inven- 
tion comprises reacting granular starch with 
an acrylamide in the presence of an alkaline 
catalyst to produce a granular carbamyl ethyl 
ether of starch. To retain the granular struc- 55 
tyre, the reaction conditions must be carefully 
chosen, as described hereafter. The carbamyl 
ethyl ether is considered to be the result of 
the reaction between the double bond of the 
acrylamide and a starch hydroxy group with 60 
the ether linkage being formed on the terminal 
carbon atom of the acrylamide. 

We are aware that acrylamide has been re- 
acted with ceUulose and hydroxyethyl cellulose 
However, so much -alkali must be used (in fact 65 
of the order of one mole or more of alkali 
per anhydroglucose unit) that the alkali cellu- 
lose must form as an intermediate and the pro- 
duct amide groups are immediately and sub- 
stantially completely hydrolyzed to carboxyl 70 
groups. There is, of course, a great difference 
in the chemical and physical structure of cellu- 
lose and starch. This is evidently the reason 
for the preparation by our invention of a 
granular product which retains and in fact 75 
improves the pasting properties of the original 
starch and yet has the desirable amide sub- 
stitucnt. 

To retain the granular form of the starch, 
the reaction in accordance with this invention 80 
is performed under conditions that avoid the 
geiatinization of the product. As is well known, 
alkali m water causes starch to paste with the 
granules swelling and the granular structure 
disappearing. In many applications of starch, 85 
the change in properties of the starch from 
the granular to the pasted form is used by 
applying a suspension of granular starch and 
then causiug the geiatinization to take place 
at a particular time in the process. For these 90 
applications, it is therefore necessary to main- 
tain the granular form of the product. 

More important is the difficulty in recon- 
stituting starch pastes. Many processes of 
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industrial importance use starch pastes. For 
this purpose, the pastes are freshly prepared 
from the granular form. The reason is that, 
while gelatinized starch may be dried (although 
5 with difficulty), such " pre-gelatinized ? ' starch 
docs not reconstitute well with water. Further- 
more, as the dry, " pre-gelatinized " starch 
ages, the difficulty in reconstituting it as an 
aqueous paste increases and other desirable 

10 properties also are degraded with time. 

We avoid the pasting of the starch by either 
or both of two techniques: limiting the 
amount of alkali and employing a reaction 
medium that inhibits the pasting of the starch. 

15 As will be evident from the following dis- 
cussion, the concentration of alkali that may 
safely be used will depend upon the particular 
alkali used and the temperature at which the 
reaction is performed. That is to say, that as 

20 the amide content of the product "increases, 
the pasting temperature decreases so that, if 
the desired amide content of the product is 
high, care must be taken to avoid excessive 
temperatures and alkali concentrations. The 

25 reaction media useful in suppressing the 
gelatinization of starch are known. They in- 
clude alcohols, particularly the lower alkyl 
alcohols, and aqueous sodium sulfate, sodium 
chloride or sodium carbonate brines. 

30 We have also found that we can carry out 
our reaction under essentially dry conditions. 
As is well known, starch may appear dry in 
the visual and tactile sense and yet still con- 
tain 25% by weight or more of moisture. We 

35 may perform the reaction in this superficially 
dry condition as illustrated hereafter. Care 
must nevertheless be taken in washing such a 
product to keep the alkali content sufficiently 
low to avoid gelatinization. 

40 In our process we are able to use any of the 
commonly available starches although we 
prefer com starch. Among those that are useful 
are wheat, tapioca, potato, rice and waxy 
maize starches and modifications of starch that 

45 still retain in substantial degree the granular 
amylaceous structure, for example, the 
hydrolyzed, oxidized, and esterified starches. 
These are comprehended in the term 
"granular amylaceous substance " or 

50 " granular starch " as used herein to describe 
the class of materials. 

In a variation of our process, we react the 
granular amylaceous material with au acryl- 
amide-containing react ant from the group 

55 acrylamide-and-formaldehyde mixtures, r^N 1 - 
methyiene foiacrylamidc, and other N-sub- 
stituted acrylamides. With some of dtese re- 
actants, particularly the acrylamide-formalde- 
hyde mixtures, the N,N l -methyiene fosacryl- 

60 amide and N-mediylol acrylamide, die 
separated product is often inhibited to past- 
ing in water. Probably this is the result of a 
cross-linking reaction. In such a reaction, we 
believe, two acrylamide groups, added to the 

65 starch through the reaction between die acryl- 



amide vinyl *roup and the starch hydroxy 
group, are i-jifcad through a methylene group. 
The produce when it is pasted, usually has a 
very high viscosity at a relatively low degree 
of substitution. On the other hand, some of the 70 
products, at a very low degree of substitution, 
have a paste viscosity that can be regulated by 
adjustment of the pH of the pasting medium. 
Since the cross-linking of such groups through 
the methylene group has not been established 75 
experimentally, we use the word to describe 
the product of the reaction of starch with a 
reagent which is capable of such reaction in 
accordance with the theory proposed. Such 
products have new and different properties 80 
which we believe are attributable to a reaction 
of this type. 
In the claims of this application, the phrase 
an acrylamide" is used. This is taken to 
mean the class acrylamide and N-substituted 85 
acrylamide. 

The following examples illustrate our inven- 
tion, all parts and percentages being by weight. 
The starch referred to, unless otherwise speci- 
fied, is granular native corn starch. The 90 
accompanying diagram is a graphic illustration 
of the viscosity characteristics of the products 
in accordance with this invention. 

EXAMPLE 1. 

With mechanical stirring, a solution of 5 95 
grams of sodium hydroxide in 50 milliliters of 
water was added to 500 milliliters of 95% 
ethyl alcohol. Then 162 grams of powdered 
corn starch (moisture 10—12%) was added 
and the suspension was stirred for 30 100 
minutes. Then 7.1 grams of acrylamide was 
added to the suspension and the stirring was 
continued for 2 hours, all at room tempera- 
ture. 

Thereafter, the solution was neutralized with 105 
50 milliliters of 10% acetic acid. The product 
was filtered from the suspension, washed by 
slurrying with alcohol, filtered again, and 
finally air-dried. 

The nitrogen content of the product was HO 
0.17%, indicating a degree of substitution of 
about .02 carbamyl ether group per anhydro- 
glucose unit. 

Sheets of paper were prepared to illustrate 
die improvement in filler retention which this 115 
modification imparts to the starch. Using a 
pulp-filler slurry containing 10% Ti0 3 with 
no retention agent, with starch and the pro- 
duct of this example, the ash contents (a 
measure of the retention of TiO-») were 4.50%, 120 
4.42% and 5.28%, respectively, when the 
starch products were added at dosage levels of 
1.0 per cent on the fiber furnish weight 
Example 2. 

In a manner similar to Example 1, 810 125 
grams of powdered corn starch was suspended 
in 800 milliliters of 95% ethyl alcohol con- 
taining 50 grams of sodium hydroxide which 
had been added with 100 milliliters of water. 
To this suspension 75 grams of acrylamide 130 
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was added and the suspension stirred for 6 
hours at room temperature. The product was 
separated by filtration, washed by slurrying in 
alcohol, refiltered and air-dried. The analysis 
°* toe product was 0.62% nitrogen or about 
.04 carbamyl ether group per anliydroglucose 
unit. 

Example 3. 

A sodium sulfate brine was prepared by 
saturating 700 cubic centimeters of water with 
sodium sulfate at 100° F. To this 486 grams 
of commercially dry starch (10—12% 
moisture) was added, and the slurry was 
stirred until the starch was well suspended. 
Then, with vigorous stirring, 31 grams of 
acrylamide was added, and finally 13 grams 
of sodium hydroxide dissolved in approxi- 
mately 40 milliliters of water was added. The 
reaction mixture was stirred at 100° F. for 18 
hours, then neutralized with dilute hydrochloric 
acid. The product was separated by filtration 
and washed thrice by slurrying with water and 
filtering. This illustrates our preferred method 
of performing the reaction, and the product 
contains about 0.85% nitrogen or 0.1 carbamyl 
ether group per anhydroglucose unit. 
Example 4. 

This example illustrates the effect of vary- 
ing the quantity of sodium hydroxide catalyst. 
The reaction conditions were the same as in 
Example 3, except that the amount of sodium 
hydroxide was varied. 

Table 1 

NaOH " % N in Product 

20 grams 0.87 
13 grams 0.88 
17 grams 0.85 
9 grams 0.84 
5 grams 0.34 



The results in Table 1 indicate that, under 40 
these conditions, to obtain the maximum 
degree of substitution, at least about 3 grams 
of sodium hydroxide must be used per 
equivalent weight of anhydroglucose unit In 
these and other experiments, it was noted 45 
further that more than about 7 grams of 
sodium hydroxide per anhydroglucose unit 
produces sufficient swelling of the starch to 
interfere with the reaction. 

Example 5. 50 
This example illustrates the effect of tem- 
perature on the efficiency of the reaction. The 
procedure followed was the same as that of 
Example 3, except that the temperature was 
maintained at 80° F. and the sodium 55 
hydroxide contents were varied. The results 
are displayed in Table 2. If Tables 1 and 2 
are compared, it will be evident that the re- 
action is favored by a higher temperature. 

Table 2. 60 

NaOH % N in Product 

17 grams 0.67 

13 grams 0.57 
9 grams 0.40 

Example 6. 65 
This example illustrates the effects of vary- 
ing the time, temperature, and the concentra- 
tion of sodium hydroxide. Again the procedure 
used was that of Example 3, with the sodium 
hydroxide content, time and temperature 70 
being varied as shown in Table 3. 



Table 3 


Sample No. 


NaOH 


Time 


Temperature 


%N 


1 


8.6 grams 


2 hours 


115°F. 


0.18 


2 


8.6 grams 


4 hours 


115°F. 


0.30 


3 


8.6 grams 


6 hours 


U5°F. 


0.45 


4 


8.6 grams 


8 hours 


U5°F. 


0.54 


5 


13.0 grams 


2 hours 


100 °F. 


0.32 


6 


13.0 grams 


6 hours 


100 °F. 


0.51 


7 


17.3 grams 


2 hours 


U5°F. 


0.40 


8 


17.3 grams 


4 hours 


115°F. 


0.66 


9 


17.3 grams 


6 hours 


115°F. 


0.76 


10 


17.3 grams 


8 hours 


115°F. 


0.83 
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These results indicate that the reaction is 
favored by the higher temperatures and 
higher concentrations of alkali. It also 
indicates that the time required for the re- 
action depends upon concentration of the 
catalyst^ as expected. 

Samples numbers 7 to 10 were used in pre- 
paring sheets of paper. The conditions were: 
bleached sulfite pulp, 10% Ti0 2 , 2% rosin 
sized, pH of 5.0, 0.5% starch or acrylamide- 
modified starch based on the fiber furnish. 
The results are shown in Table 4. 



% 



Ti0 2 -Ash 
4.41 
5.08 
5.30 
5.54 
4.93 



Table 4. 

Sample No. 
Pearl Starch 
7 
8 
9 

10 

Example 7. 
This example illustrates the efFect of vary- 
ing the proportions of acrylamide. The pro- 
cedure followed was that of Example 3, ex- 
cept that the acrylamide and alkali contents 
were varied as shown in Table 5. The results 
are displayed in Table 5. 

Table 5 
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NaOH 


Acrylamide 


%N 


% Yield 


13 grams 


4 grams 


0.11 


68.4 


13 grams 


15.5 grams 


0.44 


72.2 


13 grams 


31 grains 


0.83 


70.0 


20 grams 


62 grams 


1.55 


69.5 


20 grams ' 


100 grams 


2.35 


70.0 



The product of this reaction between starch 
and acrylamide pastes in water at a lower tem- 
perature than the parent starch. Upon cooling 
the paste does not congeal, and is very viscous 
and rubbery in texture. It was found that the 
pasting temperature decreases as the degree of 
substitution increases. For example, a product 
having about 0.1 acrylamide units per anhydro- 
glucose unit pastes at about 136° R, while a 
product having 0.33 acrylamide units per 
anhydroglucose unit pastes at 124° F. On the 
other hand, the viscosity of the paste increases 
correspondingly with the degree of substitution 
and this is illustrated in the accompanying 
Figure. This Figure is a graph of viscosity 
against time as determined on a Corn Indus- 
tries Research Foundation Viscometer. The 



viscosity is given in gram-centimeters torque 45 
and the time is given in minutes as each sample 
was heated at the same, constant rate. In the 
graph, the curves labeled A, B, C, D and E 
are for various proportions of acrylamide to 
starch, as shown in Table 6. These samples 50 
were prepared in the manner described for 
Example 3, except that the proportion of 
acrylamide was varied. For comparison, there 
is included the curve (designated H) obtained 
in a similar test at the same solids content 55 
using a commercial, duck-boiling modified 
starch, that prepared by reacting diraethylol- 
urea or a water-soluble urea-formaldehyde 
condensate with granular starch— see Kerr 
(1951), p. 74. 60 



Table 6 



Curve 


per 486 grams starch 


% N in Product 


A 


100 


2.40 


B 


62 


1.60 


C 


31 


0.75 


D 


15.5 


0.49 


E 


3 


0.23 
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These curves illustrate the fact that the pro- 
ducts in accordance with this invention have 
a higher initial paste viscosity and maintain a 
high viscosity. It is evident, also, that, follow- 
ing the initial peak in the viscosity curve, the 
viscosity 1S quite stable at the high value. This 
ability to gelatinize at a relatively low tem- 
perature to produce a paste of high viscosity 
is useful in adhesives for the manufacture of 
corrugated paperboard, for example. 
Example 8. 

This example illustrates the preparation of 
me acrylamide modified starch in accordance 
with this invention by performing the reaction 
in the superficially dry state. Dry native corn 
starch (486 grams, or three equivalents of the 
anhydroglucosc unit), soda ash (0.325 moles) 
and hydrated lime (0.325 moles) were added 
to a Reed mixer (a dry powder blender). Then 
8 grams of acrylamide dissolved in 40 cubic 
centimeters of water was added The mixture 
was stirred for 7 hours at 100° F., and during 
the last hour of operation, the lid of the mixer 
was removed to permit the moisture to 
evaporate. The product was dried further by 
spreading it on a tray and leaving it overnight 
at room temperature. 

A sample of the dried starch derivative was 
suspended in * water, neutralized with dilute 
sulfuric acid, filtered and washed three times 
by suspending in water and filtering. The 
nitrogen analysis was essentially the same as 
that obtained had the reaction been performed 
in aqueous suspension. In this case, sufficient 
water was used in suspending the product to 
avoid pasting under the highly alkaline con- 
ditions of the experiment. 

As noted before, when a granular unpasted 
product is to be produced, it is necessary to 
choose carefully the reaction conditions. 
Particularly, by using a special solvent such as 
the alcohols or saturated sodium sulfate, the 
gelatinization of the product is avoided. 
Generally speaking, this is somewhat dis- 
advantageous because of die expense and dis- 
posal problems. However, these disadvantages 
may be alleviated by either of two methods : 
The sodium sulfate brine may be reused or 
saturated sodium carbonate may be used as the 
alkali since sodium carbonate brine also pre- 
vents gelatinization of the starch. These alter- 
natives are illustrated in the following two 
examples. 

Example 9. 

The procedure of Example 3 was followed 
to prepare a product having a nitrogen con- 
tent of 0.79%. The neutralized brine was 
then reused in a repetition of the procedure of 
Example 3. The product of die second re- 
action analyzed 0.82% nitrogen. In the first 
run, 67% of the acrylamide reacted with the 
starch and in die second, 69%. 

Example 10. 

Commercially dried starch (486 grams) was 
suspended in 700 milliliters of water saturated 



with sodium carbonate. While stirring, 31 
grams of acrylamide was added. Stirring was 
continued for 6 hours with the reaction 
medium maintained at 125° F. After 
separating the product by filtration,* the re- 
action product was washed by re-suspending 
in water and filtering through three cycles. 
The separated product was oven dried, and 
the nitrogen assay was 0.42%. When this 
granular product was cooked in water, a 
clear, viscous, non-congealing paste was pro- 
duced. It is evident from this example that 
the use of the sodium carbonate brine permits 
the reaction to be carried out at a somewhat 
higher temperature and still avoid the 
gelatinization of the product. However, in 
comparing this experiment with those in 
which sodium hydroxide was used as catalyst 
with a sodium sulfate brine, it is evident that 
the sodium carbonate is a less efficient catalyst 
ior the present reaction. 

Example 11. 

This example illustrates the starch acryl- 
amide reaction in accordance with this inven- 
tion using still another catalyst. To 1038 cubic 
centimeters of aqueous starch slurry contain- 
ing 486 grams of starch dry substance, 9 
grams of calcium hydroxide and 13 grams of 
sodium carbonate were added with rapid 
stirring. Eight grams of acrylamide was 
added, and the reaction mixture was stirred 
for 18 hours at 100° F. The slurry was then 
neutralized, filtered, washed and dried as de- 
scribed in the previous examples. The assay 
was 0.22% nitrogen, comparable to the results 
obtained under similar conditions using 
sodium hydroxide-sodium sulfate. 

Other alkaline catalyst may also be used 
such as ammonia and tertiary and quaternary 
amines. However, these we have found are 
considerably less effective as catalysts and we, 
therefore, prefer to use the alkali and alkaline 
earth metal hydroxides and the alkali metal 
carbonates or mixtures thereof. 

Example 12. 

This example illustrates the use of a sodium 
chloride brine in preventing gelatinization of 
the product. Two hundred fifty-two pounds of 
sodium chloride is dissolved in 77 U.S. 
gallons (641 pounds) of water. (As noted be- 
iore, sodium chloride is the equivalent of 
sodium sulfate in preventing the premature 
gelatinization of die starch). To the sodium 
chloride brine, there is added 500 pounds of 

commercial corn starch (moisture about 10 

i2%), and the brine is agitated to suspend the 
:>tarcli. Aqueous sodium hydroxide (18 pounds 
in 125 pounds of water) is added until the 
l >odium hydroxide content of the suspension is 
4.1 pounds per 100 pounds of starch dry sub- 
stance. The temperature is carefully regulated 
to keep it below 115° F. After stirring for 30 
minutes, 7.38 pounds of acrylamide per 100 
pounds of starch dry substance, about 32.5 
pounds total, is added. The reaction is carried 
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out with agitation for 6 hours, the temperature 
being mainlined close to but below 115° F. 
At the end of this time, the suspension is 
neutralized tc a pH of 63 zo 7.5 widi dilute 

5 hydrochloric acid. The product is separated 
from the suspension by filtering and washed 
on the filter. It is then reslurried in fresh 
water and again filtered and washed. The 
washing is continued until the wash water is 

10 substantially free of chloride. The granular 
product, after drying, is then ground to the 
Pearl form. Care should be taken to separate 
the product from the alkaline brine as soon 
as possible after completing the reaction in 

15 order to avoid hydrolysis of the amide groups. 
Example 13. 
This example illustrates the effect of form- 
aldehyde on the reaction in accordance with 
this invention. The procedure of Example 3 

20 was followed using 31 and 8 grams of acryi- 
amide in separate samples. To each of the 
samples 3 cubic centimeters of 37% form- 
aldehyde in water was added just after the 
acrylamide had been added. The products 

25 contained 0.82% nitrogen and 0.26% nitrogen, 
respectively, approximately the expected 
nitrogen content had the formaldehyde not 
been added. The two products were gelatinized 
in water and it was found that the pasting 

30 temperatures were 142° and 156° K, respec- 
tively. A viscosity test on the Corn Industries 
Research Foundation Viscometer was also run 
on these products and, for comparison, die 
curves obtained are shown in the accompany- 

35 ing figure as Curves F and G, respectively. It 
is clear from the curves that the small pro- 
portion of formaldehyde produces a substantial 
increase in the viscosity of the pasted product 
even though the pasting temperature is not 

40 markedly increased. This is of advantage in 
certain applications, for example in corrugated 
paperboard manufacture, where the desiderata 
are a low pasting temperature and a high 
viscosity paste. 

45 It is to be noted that this reaction with 
formaldehyde in an alkaline medium is tin- 
usual. Normally, as illustrated in Kerr (1951), 
pp. 73 to 74, chemical modification of starch 
using formaldehyde as a reagent requires an 

50 acid medium. 

Example 14. 
This example illustrates the reaction of 
granular starch with N,N l -methylene bis- 
acrylamide. A 20° Baume slurry of starch con- 
55 taming 500 grams of starch dry substance was 



made alkaline by adding 3.5 grams of sodium 
hydroxide. To the alkaiine slurry, there was 
added 40 milliliters of n 1% aqueous solution 
of N,N l -methylene teacrylamide, or 0.08% 
of die starch weight The reactants were 
heated at 120° F. for 2 hours and then the 
slurry was neutralized to about 6.5 pH. It was 
then filtered and dried in an oven to produce 
a granular, unpasted product. The product, 
when cooked at a pH of 6.3 formed a paste 
similar to that of Curve H in the accompany- 
ing drawing. However, when cooked at a pH 
of 9.0, it was relatively thin in viscosity. 
Similar results were obtained using 0.05% in- 
stead of 0.08% NiN'-methylene fcwacryl- 
amide. The development of viscosity when 
pasting at slightly acid or neutral pH is of 
value in adhesives used for corrugated board, 
where alkali is to be avoided, e.g., when the 
board is used for packing plate glass. 
Example 15. 

Sodium hydroxide (13 grams) dissolved in 
50 milliliters of water was added to a slurry 
of 486 grams of granular corn starch in 800 
milliliters of ethyl alcohol. N,N ^methylene 
fojacrylamide (31 grams) was added and the 
reaction mixture was stirred for 64 hours. 
After filtering, washing with water and air 
drying, the nitrogen content of the product 
was 0.44%. This modified starch could not 
be gelatinized in water using the normal con- 
ditions for cooking, i.e., it was inhibited to 
pasting or gelatinization. 

Example 16. 

To a solution of 5 grams of sodium 
hydroxide in 250 milliliters of ethaool, 162 
grams of starch was added with stirring. When 
the starch was suspended, 10 grams of N- 
methylol acrylamide was added with stirring. 
The reaction was continued for 2 hours and 
the washed, dried product contained 0.18% 
nitrogen. In an experimental manufacture of 
a sheet of paper, this product improved the 
filler retention as measured by the ash con- 
tent of the paper. This is another example of 
an acrylamide derivative that yields cross-link- 
ing through a methylene group. 

Example 17. 

This example illustrates the reaction of 
starch with acrylamide having other sub- 
stituents on the nitrogen. The reaction con- 
ditions were similar to those of Example 3 
and the unsubstituted acrylamide was re- 
placed with the following N-substituted acryl- 
amides: 



10 



15 



20 



QH 5 o 

N, N- diethyl dcn/bude: — C— CH=CH2 

N-(2 pyridyl ) acrulam'ide H Z C=CH — C-N-l J 
N— (diethylammo ethyl) acn/latnidt 



Oft 
C Z H 5 



H n 



-CH 2 — CH 2 — M — C — CH = CH 2 

N - (morphotinyl N- propyl ) acrylamide: 
<\ )n- ch 2 — ch z -ch 2 — n- c— ch*ch 2 



Corresponding substituted granular starch pro- 

£? ° btaincd akhou 8 h in relatively low 
yield. The reagents were prepared by con- 
densing acrylyl chloride with the correspond- 

m Wl n £ e ' g " with 2 -amino pyridine. 

WHAT WE CLAIM IS: — 

1. The method, of chenucally modifying 
starch that comprises introducing the carbamyl 
ethyl group by reacting granular starch with 
an acrylamide as the modifying agent in the 
presence of an alkaline catalyst to produce an 
ungelatinized carbamyl ethyl ether of starch. 

ine method according to claim 1 
wherein said modifying agent is selected from 
a^lamide, N,N l -methylene ^acrylamide, 
N-methylol acrylamide or a mixture of acryl- 
amide and formaldehyde. 

3. The method according to claim 1 or 2 
wherein said catalyst is selected from the alkali 
and alkaline earth metal hydroxides or the 
alkali metal carbonates. 

4. An ungelatinized carbamyl ethyl-sub- 
stituted starch ether which is the reaction pro- 



duct of granular starch and a modifying agent 
selected from acrylamide, N,N l -methylene bis- 
acrylamide, N-methylol acrylamide or mixtures 
of acrylamide and formaldehyde in the 
presence of a catalyst selected from the alkali 
and alkaline earth metal hydroxides or the 
alkali metal carbonates. 

5. An ungelatinized carbamyl ethyl ether of 
starch. 

6. An ungelatinized carbamyl ethyl ether of 
starch in which at least part of the carbamyl 
ethyl groups are cross-linked through a 
methylene group. 

7. The method of chemically modifying 
starch substantially as herein described with 
particular reference to the Examples. 

8. A carbamyl ethyl ether of starch sub- 
stantially as herein described with particular 
reference to the Examples. 

STEVENS, LANGNER, PARRY & 
ROLLINSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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